Therapy-related acute promyelocytic leukemia (t-APL) is relatively rare, with limited data on outcome after treatment with arsenic trioxide (ATO) compared to standard intensive chemotherapy (CTX). We evaluated 103 adult t-APL patients undergoing treatment with all-trans retinoic acid (ATRA) alone (n = 7) or in combination with ATO (n = 24), CTX (n = 53), or both (n = 19). Complete remissions were achieved after induction therapy in 57% with ATRA, 100% with ATO/ATRA, 78% with CTX/ATRA, and 95% with CTX/ ATO/ATRA. Early death rates were 43% for ATRA, 0% for ATO/ATRA, 12% for CTX/ATRA and 5% for CTX/ATO/ATRA. Three patients relapsed, two developed therapy-related acute myeloid leukemia and 13 died in remission including seven patients with recurrence of the prior malignancy. Median follow-up for survival was 3.7 years. None of the patients treated with ATRA alone survived beyond one year. Event-free survival was significantly higher after ATO-based therapy (95%, 95% CI, 82-99%) as compared to CTX/ATRA (78%, 95% CI, 64-87%; P = 0.042), if deaths due to recurrence of the prior malignancy were censored. The estimated 2-year overall survival in intensively treated patients was 88% (95% CI, 80-93%) without difference according to treatment (P = 0.47). ATO when added to ATRA or CTX/ATRA is feasible and leads to better outcomes as compared to CTX/ATRA in t-APL.
INTRODUCTION
Reports of patients with therapy-related acute promyelocytic leukemia (t-APL) as a result of previous exposure to chemotherapy and/or radiation have increased in recent years, particularly for those who received treatment with topoisomerase-II (topo-II) inhibitors or alkylating agents. [1] [2] [3] [4] In recent publications, 15-21% of all APL cases were considered therapy-related, 5, 6 as compared to 8% reported in 2002. 7 Prior malignancies most frequently include cancers of the breast and the genitourinary system, while non-malignant disorders, such as multiple sclerosis, may also be treated with cytotoxic chemotherapies. [1] [2] [3] [4] The latency period between diagnosis of the primary disease and occurrence of t-APL ranges between a few months to several years, and may depend on the cumulative dose, dose intensity and type of preceding chemo and/or radiation therapy. [1] [2] [3] [4] [5] [6] [7] [8] Nevertheless, the term 'therapy-related' leukemia is merely descriptive and based upon a patient's history of exposure to chemo and/or radiotherapy. Whether the risk of developing therapy-related leukemia in general is increased due to an inherited susceptibility to develop neoplasia or due to the previous exposure to chemotherapy and/or radiation is currently not clear. [9] [10] [11] However, recent work has identified specific hot spots in the breakpoint region of PML and RARA genes as preferential sites of topo-II-mediated DNA damage, underscoring their causative role in the etiology of t-APL. 4, 12, 13 Since its clinical introduction in 1986, treatment with all-trans retinoic acid (ATRA) has significantly changed therapeutic success in APL.
14 ATRA causes differentiation of abnormal promyelocytes to mature granulocytes. 15 However, although complete remissions (CR) were achieved with single-agent ATRA in up to 80-90% patients with newly diagnosed and relapsed APL, remissions were typically not sustained. 14, [16] [17] [18] [19] [20] These findings led to the concurrent use of ATRA with chemotherapy (either an anthracycline plus cytarabine or an anthracycline alone) as the standard of care for induction in newly diagnosed APL. 21 More recently, the combination of arsenic trioxide (ATO) with ATRA have been shown to be a very effective chemotherapy-free treatment strategy in de novo APL, with a CR rate of 96%. 22 In addition, published data of a large multicenter phase 3 randomized trial on the direct comparison of ATO/ATRA vs ATRA in combination with idarubicin (AIDA) or mitoxantrone in the Gruppo Italiano Malattie EMatologiche dell'Adulto (GIMEMA)/ Programa para el Estudio de la Terapéutica en Hemopatías Malignas (PETHEMA) scheme showed very promising results in favor of ATO/ATRA, with a 2-year event-free survival (EFS) of 97 vs 86% (P = 0.02). 23 Within this trial, early mortality as well as hematological toxicities were significantly lower in patients treated with ATO/ATRA as compared to AIDA. 23 Additional support comes from another publication out of the Medical Research Council with a 4-year EFS of 91% after ATO/ATRA as compared to 70% after chemotherapy (CTX)/ATRA (P = 0.002). 24 Therefore, this non-chemotherapeutic approach seems to be of great benefit.
Prior publications have suggested that characteristics and outcomes of t-APL when treated appropriately were similar to those of de novo APL patients, 5,7 but this has not been systematically evaluated in a large cohort of patients. Most importantly, the clinical impact of ATO/ATRA on outcome in patients with t-APL is unknown, and this was the rationale for this multi-institutional analysis.
PATIENTS AND METHODS

Patients and treatment
Information on 103 patients with t-APL occurring after chemotherapy and/ or radiation for a previous neoplasm or non-malignant disorder between 1991 and 2015 was collected from 11 study groups/institutions in the US and Europe. Patients with APL that occurred after a neoplasm treated by surgery or hormonal therapy only were excluded. To obtain patient information, detailed case report forms (including type of primary malignancy or non-malignant disorder and related treatment, occurrence of t-APL, its baseline characteristics, t-APL treatment, adverse events during t-APL treatment, response as well as follow-up data) were sent to all participating centers.
Diagnosis of APL was based on French-American-British Cooperative Group criteria, 25 and, after 2003, on revised International Working Group criteria. 26 Chromosome banding was performed using standard techniques, and karyotypes were described according to the International System for Human Cytogenetic Nomenclature. 27 The diagnosis was confirmed by either reverse-transcriptase polymerase chain reaction or fluorescence in situ hybridization detection of the PML-RARA fusion gene in bone marrow by standard methods. FLT3 mutation screening for internal tandem duplications (ITD) and point mutations within the tyrosine kinase domain (TKD) was carried out as previously described. 28, 29 Data collection and analysis were approved by the Institutional Review Boards.
Treatment
Fifty-three (51.5%) t-APL patients were treated with ATRA and an anthracycline (daunorubicin or idarubicin) as induction and different chemotherapies in combination with ATRA as consolidation therapy according to treatment protocols active in various countries. These protocols included the AIDA 2000 protocol of the Italian GIMEMA study group, 30 the PETHEMA LPA99 and LPA2005 protocols 31, 32 and the United Kingdom AML15 33 and AML17 24 protocols. Twenty-four (23.3%) patients were treated with ATO/ATRA (according to Lo-Coco et al. 23 (n = 21) or Burnett et al. 24 (n = 3)) and 19 (18.4%) patients received ATO/ATRA in combination with chemotherapy (according to Gore et al. 34 or comparable schemes). Seven (6.8%) patients with advanced age and/or poor performance status received monotherapy with ATRA only.
Response was assessed according to Cheson et al.
26
Statistical analyses
Survival endpoints including overall survival (OS), EFS, relapse-free survival (RFS), cumulative incidence of relapse and cumulative incidence of death in CR were defined as recommended. 26 In addition to the international criteria we included death due to primary malignancy as an event for EFS and RFS.
Comparisons of patient characteristics were performed with the KruskalWallis rank sum test for continuous variables and Fisher's exact test for categorical variables, respectively. A multivariable linear regression model was used to identify factors that influence the duration of the latency period from prior malignancy/non-malignant disorder to the diagnosis of t-APL measured on log-scale, including the covariates age at diagnosis of primary malignancy/non-malignant disorder, gender, prior chemotherapy and prior radiation. The chemotherapeutic subcategories 'prior treatment with intercalating agents' or 'topo-II inhibitors' were not included due to low numbers.
The median follow-up time was computed using the reverse KaplanMeier estimate. 35 The Kaplan-Meier method was used to estimate the distribution of RFS, EFS and OS. 36 Confidence interval (CI) estimation for survival curves was based on the cumulative hazard function using Greenwood's formula for variance estimation. Log-rank tests were employed to compare survival curves between groups. A Cox proportional hazards regression model was used to identify prognostic variables for EFS, RFS and OS. 37 The following variables were included in the Cox models: age at diagnosis of t-APL, gender, t-APL treatment (ATO/ATRA vs CTX/ATO/ ATRA vs CTX/ATRA), prior chemotherapy, prior radiotherapy, white blood cells (WBC; dichotomized according to high vs intermediate/low risk) and duration of the latency period between diagnosis of primary malignancy/ non-malignant disorder and the occurrence of t-APL. All statistical analyses were performed with the statistical software environment R, version 3.3.1, using the R packages prodlim, version 1.5.7 and survival, version 2.39-5. 38 
RESULTS
In total, 103 adult t-APL patients, diagnosed between 1991 and 2015 from 11 study centers/institutions in the US and Europe, were included. Median age was 59 years (range, 18-80 years). Most of the patients had French-American-British M3 (n = 94), whereas the M3 variant was very rare (n = 7); information on subvariant category was missing in n = 2 patients.
Risk categorization based on WBC at diagnosis was available in 99 (96%) of the 103 patients and was low/intermediate-risk (WBC o10.0 G/l) in 79 (80%) and high-risk (WBC ⩾ 10.0 G/l) in 20 (20%) patients.
Information on cytogenetics was available in 84 (82%) patients. In 62 (74%) of the 84 patients, the balanced t(15;17) translocation was the sole abnormality, whereas in 22 (26%) patients, the translocation was accompanied by additional cytogenetic abnormalities, most frequently various deletions (n = 8) including del(7q) (n = 2) and del(5q) (n = 1), followed by variant translocations (n = 7) as well as trisomy 8 (n = 5) or trisomy 8 in combination with other abnormalities (n = 1; del(9)(q21) and monosomy X). One patient had an additional trisomy 21.
Regarding FLT3-ITD and TKD mutations, information was available in 51 (50%) of the 103 patients. Of those, 17 (33%) patients had FLT3-ITD, three (6%) had a FLT3-TKD mutation and three (6%) additional patients displayed both FLT3-ITD and TKD mutation. Notably, FLT3-ITD mutated patients had significantly higher WBC at diagnosis as compared to FLT3 wild type patients (P = 0.03).
Congruently, cytogenetic as well as molecular data on FLT3 were available in 44 patients. Interestingly, only 4 of 15 (27%) patients with additional cytogenetic abnormalities were FLT3 mutated (two with an ITD, one with a TKD and one additional patient with both mutations). In contrast, 18 of 29 (62%) patients without additional cytogenetic abnormalities displayed FLT3 mutations (P = 0.05).
Information on the PML-RARA transcript isoform (breakpoint cluster region, BCR) was available in 52 patients for BCR3 (short isoform) and 45 patients for BCR1 (long isoform). Of those, 58%
(n = 30/52) displayed the BCR3 isoform, whereas 33% (n = 15/45) were BCR1-positive.
Primary diseases, previous therapy and latency period to the occurrence of t-APL The median latency period between diagnosis of primary malignancy/non-malignant disease and the occurrence of t-APL was 3.5 years (range, 0.4-26.2 years). Eighty-seven (84%) patients with t-APL had a previous solid cancer (Table 1) . Among these, breast cancer was the most common neoplasm (n = 38; 37%), followed by prostate (n = 14; 14%), head and neck (n = 9; 9%) and gastrointestinal (n = 9; 9%) cancers. Five (5%) patients (one male/ four females) had two solid cancers prior to the occurrence of t-APL (colon and prostate; breast and lung; cervix and breast; breast and uterus; ovarian and breast; n = 1 each). Eight (8%) patients had a primary hematologic malignancy: five with nonHodgkin lymphoma and three with Hodgkin lymphoma. In addition, eight (8%) patients had undergone cytotoxic therapy for the treatment of an autoimmune disease (four with multiple sclerosis treated with mitoxantrone, four with rheumatologic disorders treated with methotrexate; Table 1 ).
Treatment prior to the occurrence of t-APL included chemotherapy only in 28 (27%) patients, radiation in 40 (39%), and both chemotherapy and radiation in 35 (34%), respectively. Detailed information on type of chemotherapeutic agents was available in 53 (84%) of the 63 patients, who had been treated with chemotherapy with or without radiation ( Table 2) . Of those, only 16 (30%) patients received single-agent chemotherapy. For further analysis, we classified chemotherapeutic agents according to mechanism of action. 8 In univariable analysis, prior treatment with neither intercalating agents (P = 0.81) nor topo-II inhibitors (P = 0.46) was associated with the length of the latency period between diagnosis of primary malignancy and the occurrence of t-APL. In multivariable analysis, only younger age at diagnosis of primary malignancy (P = 0.07) and prior radiation (P = 0.06) were in trend associated with a shorter latency period.
Comparison of baseline characteristics Women were more frequently affected than men (binominal test, P o0.001), possibly due to the high frequency of t-APL after treatment of breast cancer. In a direct comparison of the four treatment groups (CTX/ATRA; ATO/ATRA; CTX/ATO/ATRA; ATRA), the baseline characteristics were comparable except for age (P = 0.002) and platelet counts (P = 0.009), in that patients treated with ATRA alone were older and had lower platelet counts (Table 3 ).
Response to induction therapy Response data were available in 100/103 (97%) patients (missing: CTX/ATRA, n = 2; ATO/ATRA, n = 1). Early death (ED) rates were 43% for ATRA (n = 3), 0% for ATO/ATRA, 12% for CTX/ATRA (n = 6) and 5% for CTX/ATO/ATRA (n = 1). Of those, n = 5 EDs occurred between 1991-2009 (after n = 52/103 (50%) patients had been included) and additionally n = 5 EDs between 2010-2015.
CRs were achieved after induction therapy in 57% of the patients treated with ATRA (n = 4), 100% with ATO/ATRA (n = 23), 78% with CTX/ATRA (n = 40/51) and 95% with CTX/ATO/ATRA (n = 18). Five of the CTX/ATRA patients achieved a partial remission after induction therapy. All of them went on to consolidation therapy and achieved CR thereafter (Table 4) . Abbreviation: t-APL, therapy-related acute promyelocytic leukemia.
a Five patients had two solid tumors prior to the occurrence of t-APL (breast and uterus, n = 1; cervix and breast, n = 1; breast and lung, n = 1; ovarian and breast, n = 1; colon/rectum and prostate, n = 1). Therefore, the total number of malignancies/non-malignant disorders does not add up to 103. 
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Survival analysis
Median follow-up for survival was 3.7 years. The estimated 2-year EFS, RFS and OS rates in intensively treated patients (excluding the patients treated with ATRA only) were 84% (95% CI, 75-90%), 84% (95% CI, 75-91%) and 88% (95% CI, 80-93%), respectively and were not significantly different according to treatment groups (P = 0.23, P = 0.24 and P = 0.47, respectively). Stratified by treatment, estimated 2-year EFS rates were 78% (95% CI, 64-87%) in patients treated with CTX/ATRA, 89% (95% CI, 64-97%) in the ATO/ATRA group and 95% (95% CI, 68-99%) in the CTX/ATO/ATRA group (Figure 1a) . The estimated 2-year RFS rates were 78% (95% CI, 64-87%) in the CTX/ATRA group, 90% (95% CI, 68-98%) in the ATO/ATRA and 95% (95% CI, 68-99%) in the CTX/ ATO/ATRA groups. The estimated 2-year OS rates for patients receiving CTX/ATRA were 84% (95% CI, 71-92%), 89% (95% CI, 64-97%) for ATO/ATRA and 95% (95% CI, 68-99%) for CTX/ATO/ATRA (Figure 1b) . None of the patients treated with ATRA alone survived beyond 1 year. Cumulative incidence of relapse including relapse and occurrence of secondary AML as events in intensively treated patients showed a strong trend towards a higher cumulative incidence of relapse after treatment with CTX/ATRA as compared to ATO-based regimens (including ATO/ATRA and CTX/ATO/ATRA; P = 0.07), whereas cumulative incidence of death was not different between the two treatment groups (P = 0.33).
In an additional sensitivity analysis we censored patients with death from recurrent primary malignancy at the date of death for EFS. The estimated 2-year modified-EFS rate in this analysis was significantly higher in patients treated with ATO-based therapy, including ATO/ATRA and CTX/ATO/ATRA (95%, 95% CI, 82-99%) as compared to those patients treated with CTX/ATRA (78%, 95% CI, 64-87%; P = 0.042, Figure 2 ). Patients who received CTX/ATRA or CTX/ATO/ATRA were categorized into one group since ATO in the latter group was given during consolidation therapy only. 34 b Anemia and/or thrombopenia and/or neutropenia. Abbreviations: ATO, arsenic trioxide; ATRA, all-trans retinoic acid; CR, complete remission; CTX, chemotherapy; ED, early death; No, numbers; PR, partial remission.
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In multivariable analysis, neither prior therapy with CTX, nor prior radiation, nor length of latency period from prior malignancy were associated with EFS (P = 0.88, P = 0.34, P = 0.92, respectively), RFS (P = 0.85, P = 0.35, P = 0.88, respectively) or OS (P = 0.77, P = 0.69, P = 0.88, respectively). Furthermore, we were interested in the outcome of t-APL patients according to risk categorization (high vs low WBC). In univariable analyses, neither EFS (P = 0.57), RFS (P = 0.63), nor OS (P = 0.79) according to initial WBC were different.
Three patients relapsed after 9, 12 and 18 months, all after CTX/ ATRA treatment. In one of these patients, relapse was detected at the MRD level before frank hematological relapse, leading to administration of pre-emptive salvage therapy. All of the relapsed APL patients were successfully salvaged with ATO/ATRA ± CTX and went on to autologous (n = 1) or allogeneic transplant (n = 2). Two patients developed therapy-related acute myeloid leukemia (t-AML) with a complex karyotype after 47 and 74 months. Again, both t-AMLs occurred after CTX/ATRA treatment. Both patients were refractory to salvage CTX and died shortly thereafter.
Thirteen patients died in APL remission due to relapse of the prior malignancy (CTX/ATRA, n = 2; ATO/ATRA, n = 1; CTX/ATO/ ATRA, n = 1; ATRA, n = 3), infections (CTX/ATRA, n = 2 and ATO/ATRA, n = 1), development of diffuse large B-cell lymphoma (CTX/ATRA, n = 1), cardiopulmonary arrest during treatment (ATO/ ATRA, n = 1) and unknown reason (CTX/ATRA, n = 1).
Regarding toxicity during induction therapy patients who received CTX/ATRA or CTX/ATO/ATRA were categorized into one group, since ATO within the latter treatment scheme was given during consolidation therapy only. 34 Febrile neutropenia of grade ⩾ 3 during induction therapy was less frequent in patients treated with ATO/ATRA as compared to CTX/ATRA or CTX/ATO/ATRA (P = 0.03, Table 5 ), whereas the occurrence of other grade ⩾ 3 toxicities was not different between treatment groups. DISCUSSION Therapy-related APL is increasing in prevalence with longer life expectancy and improved survival of patients treated with chemotherapy and/or radiation for prior malignancies and other disorders. 2, 5, 7, 39 However, there is a paucity of prospective treatment data since these patients have often been excluded from clinical trials. In our retrospective analysis of a large cohort of 103 t-APL patients, spanning a time-period of almost 25 years, more than two thirds of the patients were diagnosed after 2006. The median latency period between diagnosis of primary malignancy and occurrence of t-APL was 3.5 years, which is in line with published data. 5, 39 Consistent with data obtained in t-AML, 8 t-APL patients in our series were older at diagnosis compared to what has been reported in de novo APL, 5, 7, 39 possibly reflecting the longer life span required to develop two or more malignancies, as well as a prolonged risk exposure. In addition, we found a high proportion of female patients (68% were female; Po 0.001), 2, 7 which may be related to the widespread use of anthracycline-based chemotherapy for breast cancers. As previously published for t-AML, 8 younger age at diagnosis of primary malignancy was associated with a shorter latency period to the occurrence of t-APL. However, there was no association between treatment with anthracyclines or topo-II inhibitors and a short latency period for the development of t-APL. 8 T-APL occurred after treatment of multiple sclerosis with mitoxantrone therapy in only a small number of our patients, but all of them were female, again explaining the higher frequency of female gender in t-APL, as compared to what has been reported in de novo AML. In contrast to Beaumont et al., 2 who reported a high frequency of 18% of lymphomas prior to the occurrence of t-APL, we did not observe this phenomenon. Our series included five patients who had two primary malignancies prior to the diagnosis of t-APL. Three of them were treated with CTX/ATRA, one with ATO/ATRA and one with ATRA only. The latter one died due to the underlying primary malignancy after 10 months and one patient treated with CTX/ATRA developed a diffuse large B-cell lymphoma after 16 years. The other patients were still alive after follow-up times of 7 months, 3.5 years and 9.8 years.
Previous studies in t-APL patients reported an incidence of additional abnormalities ranging from 25 to 36%, 2,39 with an even higher incidence of 45% published recently in a single-institution report. 40 Although we could not confirm this high incidence of additional abnormalities, the incidence of 26% observed in our cohort is in line with previously published data. 2, 39 Besides variant translocations and deletions, the most frequently recurring mutation was trisomy 8, again in agreement with published studies.
2,40 Concurrent FLT3-ITD mutations were present in 39% and were significantly associated with high WBC at diagnosis, [41] [42] [43] which has also been described in de novo APL. 44 To date, there are still conflicting data regarding the impact of additional chromosomal or genetic aberrations on outcome in APL patients. [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] In our large cohort, neither the presence of additional cytogenetic abnormalities (P = 0.43) nor a concurrent FLT3-ITD (P = 0.79) had an impact on OS, which is in line with published data. 43, [45] [46] [47] Regarding the BCR isoform, we did not observe a higher frequency of the BCR1 isoform in our t-APL patients, and virtually none of our BCR1-positive patients had received prior treatment with topo-II inhibitors, which is in contrast to the data reported by Ottone et al. 51 One explanation for the observed discrepancies might be related to substantial differences in the patients analysed. Our study included only a low number of patients with t-APL arising after multiple sclerosis, whereas the majority of the t-APL patients published by Ottone et al. 51 had multiple sclerosis as their underlying disease, implicating heterogeneous treatments and therefore induction of potentially distinct pathogenetic pathways. Nevertheless, both the predominance of the short BCR3 isoform in t-APL 5 and the comparable frequency of FLT3-ITD mutations in our cohort to what has been described for de novo APL are in concordance with findings reported by others. 5, 52 Although there might be a higher susceptibility towards leukemogenesis in t-APL patients, these results suggest a similar composition of de novo as compared to t-APL. 51, 53 In contrast to published data in de novo APL, high WBC had no impact on outcome. 44 Nevertheless, our series included only a low number of high-risk patients; thus, no firm conclusion can be drawn regarding this issue.
Most of the available studies reported outcome after chemotherapy and ATRA for t-APL patients, 2, 6, 7, 39 whereas data on outcome after ATO/ATRA are scarce. 40 In our large cohort of 103 t-APL patients, those who had been treated with ATO-based therapy had a higher CR rate and a lower ED rate as compared to patients treated with CTX/ATRA. The higher induction mortality in patients treated with CTX/ATRA may reflect the cumulative effect of prior chemotherapies and additional t-APL chemotherapy toxicities. General supportive care seemed not to have a major impact on outcome in the years covered in our report, since the ED rate was almost stable over different time-periods. However, due to low numbers of events, we could not include the year of treatment in multivariable analysis.
If death due to recurrence of the primary malignancy was included as an event, EFS, RFS and OS were not significantly different between patients treated with ATO-based therapy as compared to CTX/ATRA. However, if these events were censored at the time point of death, EFS in ATO-based therapy was significantly higher as compared to CTX/ATRA and rates of EFS were very similar to what was achieved in de novo APL. 23 This indicates a similar responsiveness to therapy of t-APL as compared to de novo APL, thereby suggesting similar pathogenesis.
With a median follow-up of 3.7 years, none of the patients treated with ATO-based therapy have relapsed so far, whereas three patients treated with CTX/ATRA relapsed and two patients developed t-AML with a complex karyotype. Again, both t-AMLs occurred after CTX/ATRA treatment. Of note, all of the t-APL relapses could be successfully salvaged with ATO/ATRA ± CTX and went on to autologous (n = 1) or allogeneic (n = 2) transplant. The absence of secondary therapy-related myeloid neoplasms in patients treated with ATO-based regimens represents a potential major improvement in the treatment of a disease in which high cure rates are achieved. After a median RFS of 0.7 years (range, 0-16 years), 13 patients experienced other late adverse events, most frequently recurrence of the underlying primary malignancy or infections, whereas t-APL was still in remission.
Regarding toxicities during induction therapy, severe febrile neutropenia was significantly less frequent after ATO/ATRA as compared to CTX/ATRA or CTX/ATO/ATRA treatment, again indicating a beneficial effect of the CTX-free approach. Nevertheless, due to the retrospective nature and since adverse events had not been documented in all patients, no firm conclusions can be drawn regarding this issue.
Since the CTX-free regimen with ATO/ATRA has been proven to be highly effective in de novo APL and has become standard firstline therapy in non-high-risk de novo APL, it seems to be prudent to expand this approach to t-APL. 54, 55 
